A simple combined peroxidase-catalase test has been developed which is applicable to live bacterial cells. Known strains of Legionella pneumophila were differentiated from other species of Legionella by being peroxidase positive and catalase negative.
In their characterization of 38 strains of Legionella pneumophila isolated from surface waters, Orrison et al. (9) found that sodium hippurate hydrolysis, gelatin liquefaction, pigment formation, beta-lactamase, and alkaline phosphatase activity were the most useful biochemical tests for differentiating L. pneumophila from Legionella bozemanii, Legionella dumoffii, and Legionella gormanii. Biochemical and physiological tests describing the Legionella species are limited; the species differentiation has been made primarily on the basis of DNA homology, fatty acid composition, and serological reactivity (D. J. Brenner, personal communication). We report here a simple, rapid, whole-cell test for peroxidase or catalase or both which, like the hippurate hydrolysis test (5) , differentiates L. pneumophila from the presently recognized remaining eight species. By this test, L. pneumophila is catalase negative and peroxidase positive, whereas all other Legionella species are peroxidase negative and catalase positive, except for L. gormanii, which is essentially negative for both tests. In our initial observation of the characteristics of L. pneumophila grown in semisynthetic or synthetic broth, we did not find whole-cell catalase in our strain of Philadelphia 1 (11) . When we examined the whole-cell catalase of all serogroups and species, virtually all of the L. pneumophila strains showed the release of oxygen from hydrogen peroxide, but this activity, in general, was short-lived, lasting only 15 to 60 s. Strains of the other species, however, showed a strong reaction which lasted for several minutes. Examination of cell-free extracts showed only traces of catalase-like activity in extracts of several L. penumophila strains, whereas there was strong activity in extracts of L. bozemanii and L. micdadei (7, 8 Using whole cells, we varied the parameters of the odianisidine test for peroxidase (13) to obtain maximum quantitative reactions for catalase and peroxidase activities. Although we were able to prepare toluene-treated whole-cell suspensions which gave strong catalase (15) and superoxide dismutase activities (12) , such preparations did not show peroxidase activity. In some tests, the toluene-treated cells tested for peroxidase showed slight coloring with o-dianisidine; no soluble color was formed. The use of 3% H,02 appeared optimal for demonstration of catalase activity; higher concentrations did not appear to give increased reactivity or any evidence of inhibition; however, the use of 0.3% H202 definitely reduced the rate and amount of gas evolved.
The peroxidase test using o-dianisidine, as described in the Worthington Enzyme Manual (13) G, Gorman). ' Reactions were rated -to +5 by gas evolved for the catalase reaction and -to +5 (white to dark brown) for the peroxidase test; the catalase reaction is given first. ene to such reaction mixtures did not increase soluble color but appeared to inhibit both the catalatic and peroxidatic reactions. Increasing the concentrations of o-dianisidine caused the formation of an obvious precipitate, and, although the color formed by peroxidase activity was darker, so was the background staining of a negative test. No color was formed when we substituted 4-aminoantipyrine in our test or when 4-aminoantipyrine was used as described previously for the determination of peroxidase (14). Reactions with 3,3'-diaminobenzidine under conditions in our laboratory, with and without gelatin (6), showed equal but slower color formation.
The final protocol chosen is done in test tubes (6 by 50 mm) and contains the following components added in the given sequence: 0.1 ml of 0.01 M KH2PO4, pH 6.0; 0.2 ml of 0.1 M EDTA disodium salt, pH 4.60; 0.005 ml of o-dianisidine (1% solution in methanol); and 0.1 ml of cell suspension (absorbance at 660 nm and 1 cm, 1.0). The suspension is mixed well with a plastic stick, and 0.1 ml of 3% hydrogen peroxide is added. The suspension is mixed again, and 0.1 ml of mineral oil is layered over the surface of the reaction mixture. The reaction tubes are pressed into white clay in an upright position and incubated at room temperature for 60 min.
When performed as described above, the test will differentiate the catalase-like activity of peroxidàse (i.e., the formation of molecular oxygen from hydrogen peroxide) of L. pneumophila strains and the catalase activity of other Legionella species. Catalase activity is read at 10 min. If catalase is present, a steady stream of small bubbles will evolve which will rapidly penetrate the oil barrier, forming a temporary head or foam on the surface. The color will remain absolutely white. However, the catalase-like activity of peroxidase does not form a steady stream of bubbles; instead, a few or many bubbles are gradually formed which cling to the sides of the tube and gradually increase in size VOL. 19, 1984 on October 18, 2017 by guest http://jcm.asm.org/ J. CLIN. MICROBIOL. SC-61-C3
IN-23-G1-C2 (Table 4 ). The çomplexities of the catalase and peroxidase interactions are well described by Claiborne and Fridovich; these workers also defined the inhibitory activities of an oxidation product of o-dianisidine on the peroxidatic reaction and th, inhibition of the catalatic reaction by o-dianisidine itself (1) . Thus, the reactions observed here are not only dependent upon the cell permeability and sensitivity to the substrates, but, based upon the respective Km 
